This model describes annual-to-decadal temporal scales, over which precipitation influences the dynamics of vegetation, but not the mounds (23) . Thus, the model captures pattern evolution and sudden transitions in response to climatechange-induced pulses of drought and rainfall but may not apply if sustained (>50-year) reductions in baseline precipitation cause termite extinction and subsequent homogenization of mound structures. Future theoretical and empirical work is needed to elucidate longer-term dynamic feedbacks between vegetation and mound construction, distribution, and decay.
Our analysis shows that when SDF occurs on a template of overdispersed mounds created by ecosystem engineers, two distinct types of regular patterning coexist at different scales. The fine-grained SDF-generated patterns documented here may be common, but previously unreported because (i) they cannot be observed in available satellite imagery; (ii) even at lower altitudes, grass canopies obscure patterns with centimeter-scale wavelengths; and (iii) stochastic rainfall decreases apparent regularity (compare Fig. 2 and movies S1 and S2 with fig. S3 , which assumes constant rainfall). The simplest SDF scenarios typically produce patterns with a single characteristic wavelength (3) , whereas models combining multiple mechanisms can show complex patterns (31, 32) . Thus, co-occurrence of patterns with distinct wavelengths may be a general indicator that multiple mechanisms are operating simultaneously. The mound-SDF interaction is one such route to pattern coexistence and is likely common worldwide because it does not depend on specific mound attributes. Appropriately modified models might therefore inform ongoing debates in which SDF and soil macrofauna are considered alternative hypotheses for particular large-scale patterns, such as Namibian "fairy circles" (33, 34) and various "mima-like mounds" worldwide (35) .
We further conclude that termites, by creating refugia for plants and nuclei for revegetation, can enhance drylands' resistance to and recovery from drought. These islands of fertility (20) appear spot-like in remotely sensed imagery (Fig. 1) , but unlike SDF-generated spots, they indicate robustness rather than vulnerability to collapse. These findings confirm the critical links between remotely sensed patterns and ecosystem dynamics but qualify the use of remotely sensed patterning to predict catastrophic shifts. Similar phenomena may occur in other systems in which vegetation patterning is governed by mechanisms that generate apparent SDF dynamics, such as banded vegetation arising from runoff induced by biological crusts on arid hillslopes (4, 36) . By such engineering of soil, termites and other ecosystem engineers may buffer the effects of anthropogenic global change in some of the world's most environmentally and socioeconomically sensitive regions.
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The root meristem consists of populations of distal and proximal stem cells and an organizing center known as the quiescent center. During embryogenesis, initiation of the root meristem occurs when an asymmetric cell division of the hypophysis forms the distal stem cells and quiescent center. We have identified NO TRANSMITTING TRACT (NTT) and two closely related paralogs as being required for the initiation of the root meristem. All three genes are expressed in the hypophysis, and their expression is dependent on the auxin-signaling pathway. Expression of these genes is necessary for distal stem cell fate within the root meristem, whereas misexpression is sufficient to transform other stem cell populations to a distal stem cell fate in both the embryo and mature roots. 
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that first establish the quiescent center and distal stem cell populations.
The NO TRANSMITTING TRACT (NTT) gene encodes a putative zinc finger transcription factor that is required in developing carpels for transmitting tract formation (3, 4) . NTT is also expressed in root meristems, although ntt homozygous mutant roots are normal. To determine if NTT acts redundantly with other genes, we combined mutations in NTT with mutations in WIP DOMAIN PROTEIN 4 (WIP4) and WIP5, the two genes most closely related to NTT (5) (see supplementary materials and methods). Although plants lacking one or two of these genes had normal roots, plants lacking all three genes-ntt, wip4, and wip5 (hereafter referred to as nww)-had no roots (Fig. 1, B  and C, and fig. S1 ). Thus, the NWW function is required for root formation, and these three genes can each individually fulfill that function.
Development of wild-type (WT) and nww mutant embryos diverges at the 32-cell (early globular) stage, when the hypophysis normally divides asymmetrically to form the lens-shaped cell that goes on to generate the quiescent center (Fig. 1A) . In nww mutants, this asymmetric cell division fails to occur, and the lens-shaped cell does not form ( Fig. 1 and fig. S1 ). Because activity of the root meristem is dependent on the quiescent center, loss of the lens-shaped cell likely explains the absence of roots in the nww mutant.
As WT embryos continue to develop, the root meristem becomes more distinct. In nww mutant embryos, this region is highly disorganized, lacking a recognizable root meristem ( Fig. 1 and fig. S1 ). In nww mutant embryos, cell divisions above the hypophysis appear normal at the globular stage, but after failure of that key asymmetric cell division, they become progressively more abnormal. These cell division defects may be a result of the loss of the quiescent center, which normally sends a signal to the proximal stem cells, and these defects are reflected postembryonically by the lack of vasculature tissue in the hypocotyl of the nww mutant ( fig. S2) .
To fig. S3) . NTT was expressed in the hypophysis cell in globular-staged embryos (Fig. 1H) and was maintained as the hypophysis gave rise to the apical and basal daughter cells (Fig. 1I ). WIP4 and WIP5 were similarly expressed in the hypophysis but, in contrast with NTT, not in the suspensor (Fig. 1, H to K) . Thus, the NWW genes are all expressed in the hypophysis, where they act redundantly to promote root meristem initiation.
The rootless phenotype of the nww triple mutant resembles mutants in the auxin response factor MONOPTEROS (MP/ARF5) (8) . We therefore examined accumulation of NTT in mp mutants to determine if NTT accumulation was dependent on MP. Whereas gNTT-n2YPET accumulation was observed in the hypophysis of WT embryos ( Fig. 2A) , little or no accumulation in the hypophysis was detected in mp mutants (Fig. 2B and fig. S4 ). This suggests that NTT acts downstream of MP in promoting root meristem initiation.
To better understand the relationship between MP and NTT, we examined MP expression within the embryo. A recombineered MP 2XYPET reporter, gMP-n2YPET, accumulated broadly in the embryo, including all of the suspensor region that includes the hypophysis (Fig. 2E and fig. S5 ). Similarly, in situ data and the pMP-MP-green fluorescent protein (GFP) reporter showed expression in the hypophysis ( fig. S5, D to G) . We detected MP expression in WT embryos but not in the mp mutant embryos (Fig. 2, C and D) . RNA-seq data confirm expression of MP in the suspensor region (http://seedgenenetwork.net) (fig. S5H) . We conclude that MP is expressed in the hypophysis, where it promotes root meristem initiation by activating the NWW genes. To provide further support for the idea that NTT functions downstream of MP, we used a chromatin immunoprecipitation assay and found that MP binds in vivo to a conserved AuxRE binding site within the NTT intron ( fig. S4F ). Similar AuxRE sites are conserved in the introns of both WIP4 and WIP5, and these AuxRE sites are also found in orthologs of the NWW genes in other Brassicaceae species ( fig. S4G ). These data are consistent with NTT functioning downstream of MP and suggest that MP directly binds to NTT regulatory sequences to promote expression.
To provide further insights into the nature of the defects seen in the nww triple mutant, we analyzed the expression of several relevant markers. We first looked at the expression of the pDR5-GFP marker that contains several AuxRE sites and reflects auxin signaling (9-11). In WT embryos, pDR5-GFP expression was observed in the hypophysis, and the loss of this expression in mp mutants has been linked to the absence of root meristem initiation (12) . We found that the initial expression of the pDR5-GFP marker was similar in both WT and nww mutant embryos at the globular stage (Fig. 2, G and H, and fig. S6, A  and B) . Thus, in contrast to MP, our data show that the NWW genes are not required for the initial activation of the pDR5-GFP marker, consistent with the NWW genes functioning downstream of MP. At later stages of embryo development, expression of pDR5-GFP was much reduced in the nww mutant as compared with the wild type, presumably a consequence of the failure of the root meristem to form ( fig. S6) .
We next examined the expression of WUSCHEL-RELATED HOMEOBOX5 (WOX5), a gene that is expressed in the quiescent center and is required for columella stem cell maintenance (13) . During root meristem initiation, pWOX5-GFP is first detected in the hypophysis and is absent in mp mutants (13), which suggests that, similar to pDR5-GFP, pWOX5-GFP is also dependent on MP expression. In contrast, we found that the initial expression of pWOX5-GFP was normal in the nww mutant (Fig. 2, I and J), although later expression was diffuse and mislocalized apically within the nww mutant embryo (fig. S6) . Thus, NWW genes are not required for the initial activation of WOX5 but are required for maintenance of the WOX5 expression pattern within the root meristem. Thus, even though the MP and NWW genes are normally required for root initiation, other MP-dependent targets are still activated independently of NWW genes (Fig. 2F) .
Expression of the three NWW genes persists in the root meristem during postembryonic root development. We detected gNTT-n2YPET expression within the mature root meristem in the quiescent center, columella stem cells (also referred to as columella initials), and columella cells (Fig. 3A) . We similarly found that gWIP4-n2YPET and gWIP5-n2YPET were expressed in the mature root meristem, although their expression was restricted to the quiescent center and columella initial cells (Fig. 3B and fig. S3J ). Thus, the NWW genes may be needed to maintain meristem integrity in the developing root.
The plant hormone auxin can promote root initiation in tissue culture. Despite the requirement for MP for root initiation in the embryo, phenotypically WT roots can be induced if mp mutants are treated with auxin (14) . We found that exogenous application of auxin could similarly rescue root formation in nww mutants (Fig. 3,  C and D, and fig. S7 ). However, in contrast to mp mutants, the rescued roots of nww mutants are highly abnormal. The nww-rescued roots were larger than WT roots and failed to form amyloplasts, a marker for distal stem cell fate (Fig. 3, E and F) . As a result, these rescued roots lack a gravitropic response. Our data indicate that the NWW genes are required to pattern distal stem cells within the root meristem. To further test this idea, we analyzed the PIN-FORMED 7 marker (pPIN7-PIN7-GFP), which is normally expressed in cells derived from both the proximal and distal regions of the root meristem (Fig. 3, G and H) . Consistent with our hypothesis, we found that PIN7 expression was not detected in the distal region of the nww mutant root meristem yet was still present in the proximal region.
Because the stereotypical pattern of cell divisions within the root meristem is dependent on signals from the quiescent center (15), the increased size and disorganization of the nww mutant roots suggest that the quiescent center may be abnormal. We examined the expression of two quiescent center markers, QC25 and WOX5. We found that the QC25 marker was not detected in the rescued roots of the nww mutant (Fig. 3, E and F), consistent with the idea that the quiescent center is not normal. As different quiescent center markers depend on different stem cell regulators (13), we also analyzed the expression of WOX5. In WT roots, pWOX5-GFP expression was detected 
only within the four cells of the quiescent center, whereas expression in the nww mutant expanded to include a larger number of cells (Fig. 3, I and J).
Because WOX5 has been shown to be downstream of auxin signaling, we also analyzed pDR5-GFP expression to determine whether auxin signaling is altered in the nww mutant root (Fig. 3, K and L, and fig. S7 ). In WT roots, pDR5-GFP was observed in only the quiescent center and columella cells. In the rescued roots of the nww mutant, pDR5-GFP was misexpressed throughout the presumptive root cap. Although auxin signaling still occurs in the nww mutant, the altered pDR5-GFP expression pattern suggests that the roots are unable to respond to auxin in an appropriate manner. Thus, the NWW genes are required for appropriate development of the quiescent center and the distal root meristem.
Misexpression of NTT might be sufficient to transform other stem cells within the root meristem into a distal fate. To test this prediction, we created an inducible line by fusing NTT to the glucocorticoid receptor (p35S-NTT-GR) (16) . In the wild type, columella cells are restricted to the distal region within the root meristem. In contrast, induction of NTT activity within mature root meristems caused ectopic production of columella cells (Fig. 4, A and B) . The QC25 marker, normally expressed only in the quiescent center, was ectopically expressed in the proximal region when NTT activity was induced. Thus, NTT is both necessary and sufficient to pattern distal stem cell identity within the root meristem. The p35S-NTT-GR line can also mimic the root-inducing effects of exogenous auxin application. When WT seedlings were transferred to normal media after germinating on 10-mm 1-naphthaleneacetic acid (NAA), extra roots were produced. Similarly, extra roots formed after p35S-NTT-GR seeds were germinated in the presence of the dexamethasone inducer and then transferred to normal media ( fig. S8 ). This is consistent with a role of the NWW genes in mediating an auxin signal for root initiation.
NTT misexpression can also change stem cell fate within the embryo. In WT embryos, the apical region gives rise to the shoot apical meristem and two groups of primordial cells known as the cotyledon initials. The AS1 gene is strongly expressed in the cotyledon initials in transitionstage embryos (17) . Misexpression of NTT under the control of the AS1 promoter caused roots to form instead of cotyledons in the resultant seedlings (Fig. 4, C and D, and fig. S8 , E to G). This suggests that NTT expression is sufficient to transform cotyledon primordia to a root meristem fate within the apical region of the embryo.
More widespread NTT misexpression in the protodermal layer of the apical cells of early globular-stage embryos using the AtML1 promoter (pML1>>NTT) (18) resulted in embryos with asymmetrical structure, losing both the cotyledons and the shoot apical meristem (Fig. 4, E and  F, and fig S8) . Taken together, these studies support a model in which NTT misexpression is sufficient to pattern basal stem cell identity within the embryo and distal stem cell identity in the root meristem ( fig. S8K ).
There is tremendous interest in identifying the major pathways that specify stem cells in both animal and plant systems. Identification of the NWW genes will help to explain the formation of stem cells and may ultimately allow for the manipulation of the root to enhance agricultural yield. Additionally, although many regulators have been found to pattern plant meristems, it is likely that additional intrinsic factors remain undiscovered due to genetic redundancy, as is the case with the NWW genes. Circuit remodeling driven by pathological forms of synaptic plasticity underlies several psychiatric diseases, including addiction. Deep brain stimulation (DBS) has been applied to treat a number of neurological and psychiatric conditions, although its effects are transient and mediated by largely unknown mechanisms. Recently, optogenetic protocols that restore normal transmission at identified synapses in mice have provided proof of the idea that cocaine-adaptive behavior can be reversed in vivo. The most efficient protocol relies on the activation of metabotropic glutamate receptors, mGluRs, which depotentiates excitatory synaptic inputs onto dopamine D1 receptor medium-sized spiny neurons and normalizes drug-adaptive behavior. We discovered that acute low-frequency DBS, refined by selective blockade of dopamine D1 receptors, mimics optogenetic mGluR-dependent normalization of synaptic transmission. Consequently, there was a long-lasting abolishment of behavioral sensitization.
D eep brain stimulation (DBS) consists of passing electric current, typically in excess of 100 Hz, through electrodes surgically implanted into subcortical nuclei of the brain. DBS is currently an FDA-approved treatment for Parkinson's disease, dystonia, and essential tremor (1, 2) . Additional indications, such as depression, obsessive-compulsive disorders, and addiction have been considered (3) . The mechanisms by which DBS produces its therapeutic effects remain largely unknown (4, 5) , although recent studies suggest that it may have widespread effects on brain network activity (6, 7) . In the context of addictive disorders, altered activity in areas projecting to the nucleus accumbens (NAc), such as the medial prefrontal cortex (mPFC), has been implicated in the effects of DBS (8) . The effects of classical high-frequency DBS are transient. Symptoms
